Background {#Sec1}
==========

The Encephalomyocarditis virus (EMCV) is a small, non enveloped, positive sense single-stranded RNA virus in the genus *Cardiovirus,* family *Picornaviridae*, with two known serotypes \[[@CR1]\]. A probable third EMCV type has been isolated from orang utan in 2001 and 2002 \[[@CR2]\]. It is spread worldwide and infects a huge range of vertebrate hosts with zoonotic potential for humans \[[@CR1], [@CR3], [@CR4]\].

The pig is the mammal most likely to be impacted on with the disease \[[@CR5], [@CR6]\], but EMCV occurrence has also been reported in non-human primates and in a variety of domestic, captive and wild animals. Several lethal outbreaks have been described in zoos in Australia and the USA \[[@CR2], [@CR7], [@CR8]\] and in Northern Italy \[[@CR3]\].

EMCV can cross the species barrier \[[@CR3]\] and the possible pig-to-human transmission by xenotransplantation has increased the interest in this virus. Fortunately until now, human cases have been very rare \[[@CR9]\] and the risk appears to be almost negligible in spite of human susceptibility to the infection.

Case presentation {#Sec2}
=================

This study describes the occurrence of EMCV infection in macaques and crested porcupines housed in a WWF Rescue Centre for Wild and Exotic Animals, in Central Italy. The Centre is 20 ha in size and at the time of the epidemic hosted about 1000 animals belonging to different species including various primates, felids, reptiles, parrots and birds of prey, mainly seized by Police Authorities because of illegal detention.

The disease outbreak occurred between September and November 2012, when four Barbary macaques (*Macaca sylvanus*) and 24 crested porcupines (*Hystrix cristata*) died.

The macaques (*n* = 22) were housed in three different external hutches with seven or eight animals in each; the crested porcupines (*n* = 25) were housed in a hutch within a greenhouse and about 800 m from the macaques.

Between the end of September and the end of October four primates died after 12 to 24 h of mild, nonspecific clinical signs including lethargy and weakness. Shortly afterwards, the crested porcupines became infected and by mid November, 24 of the 25 subjects were found dead over a period of about a week.

Neither symptoms nor abnormal mortality were observed in other animal species at the Centre.

Necropsies were carried out on all macaques and on 17 of the 24 crested porcupines. For the histopathological examinations, the samples were fixed in 10% buffered formalin, embedded in paraffin, cut at 5 μm and stained with haematoxylin-eosin. Parasitological and bacteriological examinations were performed on selected internal organs according to standardized protocols. Liver and gastric content samples from three porcupines were submitted for toxicological exams to detect pesticides and methaldehyde.

For virological examination lung, spleen, liver, brain and heart were processed and separately inoculated into VERO (African green monkey kidney) cells and BHK21 (Baby hamster kidney 21) cells \[[@CR10]\]. Cell culture lysates and the intestinal content of all porcupines were investigated by negative staining immunoelectron microscopy (IEM). A positive reference serum produced by Istituto Zooprofilattico Sperimentale della Lombardia e dell' Emilia Romagna (IZSLER) against Novara 86 strain of EMCV was employed using the Airfuge method \[[@CR3]\].

Finally, biomolecular analysis was performed on samples from both *Macaca* and *Hystrix*. After RNA extraction and reverse transcription, a PCR End Point protocol \[[@CR11]\] was used targeting a 285bp region internal to 3' conserved end of viral polymerase (3D). The 285bp PCR products were purified and sequenced in an automated sequencer. The obtained nucleotide sequences were analysed and compared to those published in the GenBank database (<https://www.ncbi.nlm.nih.gov/genbank/>) using the Nucleotide Blast (BLASTn) program. For virus typing the complete P1 (capsid-encoding) gene region was amplified and sequenced. Viral RNA extraction was performed on samples both from macaque and porcupine using the commercial kit QIAamp viral RNA (Qiagen). The VP1 coding sequences were amplified by One Step RT-PCR kit (Qiagen) and using two specific primers (EMCVff2 5'-ACCTCAGCCAAGATCCTTACA-3'; EMCVrev1 5'-CTCAGAATCACGTCCGCA-3'). A portion of 1070 bp was sequenced using Big Dye terminator Kit (Applied Biosystems) with the same primers used for amplification, and with two internal primers in addition (EMCVffint3 5'-GGCTTTGCACCTTTCTCCAA-3'; EMCVrevint3 5'-GCTTCGTCCCTGCAAAGAAA-3'). The obtained sequences were assembled and edited (Lasergene, DNAstar). Phylogenetic tree was generated with Neighbour Joining algorithm with Kimura-2 parameters and Bootstrap 1000 repeats phylogenetic test. Alignment and phylogenetic analysis were made by MEGA6 software.

During necropsy, similar lesions were observed in both macaques and porcupines (Table [1](#Tab1){ref-type="table"}; Fig. [1a, b](#Fig1){ref-type="fig"}). Some nematodes were found in the intestine of one porcupine. Typical histological lesions were confined to the cardiovascular system and in porcupines also to the brain (Table [1](#Tab1){ref-type="table"}; Fig. [1c, d](#Fig1){ref-type="fig"}).Table 1Main gross and histological findings observed in EMCV outbreakSpeciesN° of animalsGross pathology^(a)^Histological findings^(a)^*Macaca sylvanus*4Sero-haemorrhagic pleural and pericardial fluid (4), pulmonary oedema and congestion (4), liver congestion (4), kidney congestion (3), meningeal congestion (3)Severe lymphocytic and neutrophilic interstitial myocarditis, with areas of necrosis (4/4), congested organs (4/4)*Hystrix cristata*17Sero-haemorrhagic pleural and pericardial fluid (11), sero-haemorrhagic peritoneal fluid (6), pulmonary oedema and congestion (10), cardiomegaly and grey-white necrotic foci in the myocardium (5), meningeal congestion (2)^(b)^Severe lymphocytic and neutrophilic interstitial myocarditis, with areas of necrosis (9), multifocal lymphocytic meningoencephalitis (6), pulmonary congestion (9)^(a)^In parentheses the number of animals showing the described lesion. ^(b)^Histological examination was performed on n.9 *Hystrix cristata* Fig. 1Main gross and histological findings in macaques and porcupines. **a** Lungs of a *Macaca sylvanus*. Severe congestion and oedema. **b** Heart of a *Hystrix cristata*. Whitish foci throughout myocardium (*arrow*). **c** Heart of a *Macaca sylvanus*. Lymphocytic and neutrophilic interstitial myocarditis. Bar = 100 μm (haematoxylin-eosin). **d** Brain of a *Hystrix cristata*. Lymphocytic perivascular cuffing. Bar = 100 μm (haematoxylin-eosin)

Bacteriological investigations evidenced bacteria of secondary infection and toxicological analysis were negative.

Virus was isolated in all sampled organs from macaques and crested porcupines. VERO and BHK21 cell cultures showed a cytopathic effect after 48--72 h post-inoculation of homogenates of different organs. The virus was identified as EMCV by using the IEM technique (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Electron micrograph. EMCV particles using IEM. (2% PTA. Bar = 100 nm)

Aggregates of EMCV were also observed in intestinal contents of crested porcupines by IEM. RT-PCR end point protocol \[[@CR11]\] detected EMCV both in organs and in cell culture lysates (Table [2](#Tab2){ref-type="table"}).Table 2Results of virological examination on samples collected in EMCV outbreakSpecies^(a)^Samples^(b)^Cell cultureIEM^(c)^RT-PCR^(c)^*Macaca sylvanus* (4)Myocardium (4)\
Brain (2)\
Lung (2)\
Liver (2)\
Spleen (1)+\
+\
+\
+\
++\
NA\
NA\
NA\
NA+\
+\
+\
+\
+*Hystrix cristata* (9)Myocardium (9)\
Brain (8)\
Liver (9)\
Intestinal content (9)+\
+\
+\
NA+\
NA\
NA\
+ (3/9)+\
+\
+\
+ (4/9)^(a)^In parentheses the number of examined animals. ^(b)^In parentheses the number of samples analysed. ^(c)^In parentheses the number of positive samples/total analysed samples. *NA* not analysed

Nucleotide BLAST results suggested highest match of 91--96% sequence with the 3' conserved end of 3D sequence DQ835185-2 in GenBank database, identifying the EMCV species. With regard to virus typing, the VP1 coding sequences show that the two isolated EMCV strains from macaque and porcupine clusterize in the unique lineage B with other Italian and European strains found in database with a high bootstrap value (100) (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Phylogenetic tree of the VP1 coding sequences of EMCV Italian strains isolated in 2012. The macaque and porcupine EMCV strains highlighted with red dots, clusterize in a unique lineage (Lineage B) with other Italian and European strains found in GenBank database. The very high bootstrap value (100) registered between them confirms that only one EMCV strain is circulating in Italy, capable of infecting different animal species. The subdivision in lineages has been made in accordance with previous works \[[@CR4], [@CR5]\]

A rat disinfection program is routinely applied once a week in the Centre. To reduce a probable source of infection for the susceptible species, a supplementary rat control program was adopted also in those areas used for animal food storage and preparation. Biosecurity measures were also applied in the Centre as far as possible.

Conclusions {#Sec3}
===========

This case describes an EMCV outbreak in captive Barbary macaques and crested porcupines in Italy, 5 years after the one reported in lemurs in another Italian open-field zoo park \[[@CR3]\]. It confirms the susceptibility of non-human primates to the EMCV infection. On the contrary, EMCV has rarely been isolated before from crested porcupine \[[@CR12], [@CR13]\].

EMCV infection may often be clinically non-evident, but on the contrary, may be also characterized by an extreme virulence, lethality and severity \[[@CR3]\]. Thus, when sudden death of non-human primates occurs without obvious symptoms and a severe myocarditis is observed at necropsy EMCV should always be included in differential diagnosis. The infection is typically reported during cold months \[[@CR14]\] as indicated by the time period of this case.

No information is available on the possibility of EMCV having been introduced by another species in the Rescue Centre. During the outbreak three rats (two *Rattus norvegicus* and one *Rattus rattus*) and two country mice (*Mus musculus*) were found dead in the area close to the macaques enclosure but nor lesions nor EMCV were detected. Dormice \[[@CR10]\] and squirrels live in the area, but none of these were found dead. In a past serosurvey conducted in Tuscany in 1995, specific EMCV-antibodies were detected in a wide range of species among domestic and wild animals \[[@CR15]\] which showed that the virus was actively circulating.

Unfortunately, to avoid causing unnecessary and potentially damaging stress, no blood samples were collected from the surviving animals to verify their seropositivity or their status of persistently infected, but EMCV is known to be a potential issue for other zoological park animals as it may involve several species \[[@CR2], [@CR3], [@CR7], [@CR8]\].

The results of this report indicate that EMCV is responsible of myocarditis and sudden asymptomatic death both in Barbary macaque and crested porcupine. Phylogenetic analysis confirms that only one EMCV strain is circulating in Italy, capable of infecting different animal species.

No human cases were observed, but given the zoonotic potential of EMCV, these findings are of importance in the context of animal-human interface.
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